A psychrotolerant, Gram-negative, rod-shaped, yellow-pigmented bacterium, designated strain R-S7-29 T , was isolated from a soil sample collected from the Svalbard Archipelago in Norway (786 N). Cells were non-motile, aerobic, and catalase-and oxidase-positive. Growth occurred at 4-28 6C (optimum, 18 6C). A phylogenetic tree based on 16S rRNA gene sequences showed that strain R-S7-29 T belongs to the genus Dyadobacter (family 'Flexibacteraceae') with sequence similarity to related members of the genus ranging from 95.2 to 96.7 %. The major fatty acids were C 16 : 1 v5c, iso-C 17 : 0 3-OH and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c) and the predominant respiratory quinone was MK-7. The DNA G+C content of strain R-S7-29 T was 50 mol%. On the basis of its phenotypic, phylogenetic and chemotaxonomic properties, strain R-S7-29 T represents a novel species of the genus Dyadobacter, for which the name Dyadobacter arcticus sp. nov. is proposed. The type strain is R-S7-29 T (5CCTCC AB 2011022 T
The genus Dyadobacter was proposed by Chelius & Triplett (2000) within the phylum Bacteroidetes, class Sphingobacteria, to accommodate Gram-negative, non-motile, rodshaped cells occurring in pairs in young cultures but forming chains of coccoid cells in old cultures. Cells are aerobic, oxidase-and catalase-positive and produce a flexirubin-like pigment. At the time of writing, the genus comprises nine recognized species isolated from various environments such as plants, soils and freshwater: Dyadobacter fermentans (Chelius & Triplett, 2000) (the type species), D. crusticola (Reddy & Garcia-Pichel, 2005) , D. hamtensis (Chaturvedi et al., 2005) , D. ginsengisoli (Liu et al., 2006) , D. beijingensis (Dong et al., 2007) , D. koreensis (Baik et al., 2007) , D. alkalitolerans (Tang et al., 2009) , D. soli (Lee et al., 2010) and D. psychrophilus (Zhang et al., 2010) . 16S rRNA gene sequence analysis indicated that strain R-S7-29
T formed a clade within the genus Dyadobacter. Strain R-S7-29
T was isolated from a soil sample collected from a coal mine hillside with tundra vegetation near Ny-Å lesund (78u 549 N 11u 579 E), Svalbard, in July 2009. At the time of sampling, the temperature of the soil was 8.3 u C and the moisture was 70 %. The soil sample was diluted serially with a sterile solution of NaCl 0.85 % and then spread on R2A agar (Difco) plates. Plates were incubated at 18 u C for 20 days and single colonies were subcultured on R2A agar plates to obtain pure cultures. Strain R-S7-29
T was isolated after incubation at 18 uC for 7 days and subsequently tentatively identified by partial 16S rRNA gene sequences and maintained by lyophilization. In this study, the type strains of five Dyadobacter species were used as reference strains: D. Cell morphology was examined by light microscopy (Olympus). Gram staining of the cells was performed according to the classical Gram procedure described by Doetsch (1981) . Motility was observed on motility agar (R2A with 0.5 % agar). The pH range (pH 3-12 at 1 pH unit increments) and temperature range (0, 4, 10, 18, 20, 28, 30 , 37 u C) for growth and NaCl tolerance (0, 1, 1.5, 2, 2.5, 3,3.5 %, w/v) were investigated using R2A for up to 2 weeks. Oxidase and catalase activities was evaluated by the oxidation of 1 % (w/v) tetramethyl-b-phenylenediamine (Kovács, 1956 ) and bubble production after the application of 3 % (v/v) H 2 O 2 solution, respectively. Staining of the cells with Sudan black was performed to determine the presence of polyhydroxyalkanoate particles. Starch, casein and tyrosine were added to R2A agar plates to evaluate the corresponding degrading abilities of the strain. Antibiotic resistance was determined with the disc diffusion method (NCCLS, 2003) on R2A agar plates incubated for up to 7 days at 18 u C. Additional physiological and biochemical characteristics were determined using the GN2 MicroPlate (Biolog) and the API 20NE, API ZYM and API 50CH kits (bioMérieux) according to the manufacturers' instructions.
Strain R-S7-29 T was aerobic. Cells were Gram-negative, non-motile, rod-shaped and occurred in pairs. Colonies grown on R2A agar plates were circular, smooth, mucoid and yellow. Growth of the strain was observed on R2A agar at temperatures between 4 and 28 u C with an optimum of 18 u C, and in R2A liquid medium over a range of pH values from 6.0 to 9.0 with an optimum of pH 7.0-8.0. The range of NaCl for growth was 0-1.0 % (w/v); optimum growth occurred without NaCl. There were no polyhydroxyalkanoate particles observed in cells grown on R2A agar for 10 days. The strain tested positive for catalase and oxidase activities and was unable to degrade starch, casein or tyrosine.
The production of flexirubin-like pigments by strain R-S7-29 T was tested as described by Güde (1980) . A colour shift from yellow to orange and then to brown was observed after a drop of 20 % KOH was added to a single colony of the strain. Additionally, the pigment was extracted and separated by one-dimensional TLC. The separated pigment spots were cut out and redissolved in ethanol. A UV-visible spectrum was recorded from 350 to 700 nm in alcohol. Then 20 % KOH was added to the same extract to a final concentration of 1 %, and a colour shift from orange to red and a new spectrum with broadened peaks was obtained from the main pigment extraction ( Fig. S1 available in IJSEM Online).
Some phenotypic characteristics that differentiate strain R-S7-29
T from closely related type strains are shown in Table 1 , and other characteristics are summarized in the species description.
Genomic DNA was extracted from a fresh culture of strain R-S7-29
T following the methods of Sambrook et al. (1989) . PCR amplification of the 16S rRNA gene was performed with universal bacterial primers 27F and 1540R, which were also used for sequencing (Lane, 1991) . Sequence similarity to related species were carried out by pairwise alignment using the BLAST facility at the EzTaxon-e website (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Phylogenetic analyses were performed with MEGA version 4.0 (Tamura et al., 2007) after multiple alignment of the data. Phylogenetic trees were constructed using the neighbourjoining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971) T was affiliated to the genus Dyadobacter, and formed a robust clade with D. crusticola CP183-8 T in the neighbour-joining tree (Fig. 1) . The overall topology of the maximum-parsimony tree was essentially the same (data not shown).
To measure the DNA G+C content, genomic DNA of strain R-S7-29
T was extracted and purified as described by Moore & Dowhan (1995) and degraded enzymically into nucleosides. Reversed-phase HPLC (UltiMate 3000; Dionex) was used to determine the G+C content as described by Mesbah et al. (1989) . Cell biomass for analyses of the respiratory quinone and polar lipids was obtained from cultures grown in R2A at 18 u C on a rotary shaker and then lyophilized. Respiratory quinones were extracted and identified by HPLC (UltiMate 3000; Dionex) as described by Xie & Yokota (2003) . Polar lipids were extracted and Growth at 4 u C + 2 2 + + 2 Growth at 30 u C 2 + + + + + pH range for growth 6-9 6-8 6-8 5.5-8. analysed by two-dimensional TLC (silica gel plates, layer thickness 0.2 mm; Merck) according to Tindall (1990) . For cellular fatty acid analysis, strain R-S7-29 T and the five reference strains were grown on R2A agar plates at 18 u C, and cells grown at late-exponential phase were used in this study. The fatty acid methyl esters were obtained and tested according to the protocol of the Sherlock Microbial Identification System (MIDI system) and analysed using an Agilent 6890N and MIDI Sherlock TSBA6 (version of the database) (Sasser, 1990) .
The DNA G+C content of strain R-S7-29 T was 50 mol%, which is similar to those of members of the genus Dyadobacter. The strain contained menaquinone 7 (MK-7) as the predominant respiratory quinone. The major cellular fatty acids were C 16 : 1 v5c (19.1 %), iso-C 17 : 0 3-OH (10.1 %) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 vc) (49.1 %), in agreement with data for the genus Dyadobacter under these growth conditions, although there were slight differences from other species of the genus in content and composition. Strain R-S7-29
T had higher proportions of iso-C 15 : 1 -G, lower proportions of iso-C 15 : 0 and C 16 : 0 and lacked C 18 : 0 as compared with related type strains ( Table 2) . The major polar lipids of strain R-S7-29
T were phosphatidylethanolamine and phosphatidylserine (Fig. S2) .
On the basis of morphological, physiological and chemotaxonomic characteristics, together with 16S rRNA gene sequence analysis, strain R-S7-29
T is considered to represent a novel species of the genus Dyadobacter, for which the name Dyadobacter arcticus sp. nov. is proposed.
Dyadobacter fermentans DSM 18053 T (CP001619)
Dyadobacter soli MJ20 T (GQ241324)
Dyadobacter beijingensis A54 T (DQ335125)
Dyadobacter ginsengisoli Gsoil 043 T (AB245369)
R-S7-29 T (JN562715)
Dyadobacter crusticola CP183-8 T (AJ821885)
Dyadobacter alkalitolerans 12116 T (EU360597)
Dyadobacter psychrophilus BZ26 T (GQ131577)
Dyadobacter koreensis KCTC 12537 T (EF017660)
Dyadobacter hamtensis HHS 11 T (AJ619978)
Persi citalea jodogahamensis Shu-9-SY12-35C T (AB272165)
Runella slithyformis DSM 19594 T (CP002859)

Runella limosa EMB111 T (DQ372985)
Algoriphagus boritolerans T-22 T (AB197852)
Flavobacterium aquidurense WB-1. (5), kanamycin (30), levofloxacin (10), ofloxacin (5), streptomycin (10), SMZ-TMP (23.7/1.25) and oxacillin (1), but resistant to roxithromycin (15), penicillin-G (10), nitrofurantion (30), ampicillin (10), gentamicin (10), cefuroxime (30), cefatriaxone (30), ceftazidime (30) and cefoperazone (75). The predominant respiratory quinone is MK-7. The major cellular fatty acids are C 16 : 1 v5c, iso-C 17 : 0 3-OH and summed feature 3. Major polar lipids are phosphatidylethanolamine and phosphatidylserine.
The type strain, R-S7-29 T (5CCTCC AB 2011022 T 5NRRL B-59659 T ), was isolated from samples of tundra soil near Ny-Å lesund, Svalbard Archipelago, Norway. The DNA G+C content of the type strain is 50 mol%.
